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1 Introduction 
Advancements in the development of materials and technologies significantly 
contribute to successful progress in natural sciences and technical branches. 
Most of innovations in modern technologies are related to the use of new 
materials, or new technological methods  of using existing materials. These 
achievements and new findings in materials sciences and technology seem to 
have not been implemented  neither in the educational content of secondary 
schools nor in universities yet (see Simons, Linden, Duffy, 2000; Bramhall, 
2003; May, 2001). 
“There should be greater interaction between materials scientists and 
engineers, production engineering and the design community to disseminate 
knowledge and information on the capabilities of materials.” And “There is a 
need to co-ordinate new courses for undergraduate and master’s degrees that 
meet the needs of businesses in the UK for materials knowledge” (The 
materials innovation & growth team, March 2006). 
An analysis of the key findings in technologies and in the research of 
materials and technology, which have an impact on the technical education 
level of the population and are related to sustainable economic development 
of society is missing.  To fine tune the education of the material sciences 
subject it is necessary to investigate the expectations of companies on the 
knowledge of their (new) employees. 
In our thesis we investigate the relationships between new findings, what 
companies require and what universities offer, and we focus on a theoretical 
basis for implementing new technical knowledge about material sciences into 
the teaching content in university engineering studies. Engineers are leading 
people in the technical field who use materials and technologies in their 
designs of technical installations and consumer products.  
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As teaching time is a limited resource in education, and new materials and 
technologies are abundantly being invented and described, the structuring of 
educational content and subjects will be a tradeoff between what is expected 
by companies and what is feasible to study in the time devoted to students. It 
is therefore necessary to explore and propose new and more efficient ways of 
offering new knowledge to students.  
Another very important aspect of engineering is to consider the broad learning 
outcomes for this type of studies. Engineering studies are both strongly 
embedded in society on the one hand, and very strongly driven by (evolving) 
technology on the other hand. The necessity for engineering students to be 
able to design and conduct experiments is an important factor to bear in mind 
in constructing curricula and learning materials (Sell & Rüütmann, 2014) (UK 
center for Materials Education, 2011). 
A case study of the course on material sciences at the Faculty of engineering 
technology of KU Leuven in Belgium is a method chosen for our research. 
 
Chapter 1 is the introduction. 
Chapter 2 is a study on trends in education and technological aids in present- 
day learning. 
Chapter 3, 4  and 5 are dedicated to the research and contain the solution and 
the description of an experiment. The final results are also discussed in the 
chapters. 
Chapter  3 describes the aims of the dissertation thesis.  
Chapter 4 presents the methodology of our work. After conducting a survey in 
industry and a study of engineering curricula on material sciences we 
summarize what kind and level of knowledge are missing in nowadays 
curricula. It leads to suggestions to renew content in the courses.  
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The selection of the proposed solution (blended learning system) is described 
and the solution itself is elaborated in detail.  
Chapter 5 deals with the experiment. It gives the introduction to the topic and 
the proposals of using  a remote and virtual lab to work on the phenomenon of 
material versus shape stiffness, in the regular curriculum of the bachelor 2 
students in engineering technology. 
Conclusions of our work are drawn in Chapter 6. 
 
2 Literature study 
 
Research in education is an ongoing quest for an improvement and renewal of 
the theories of pedagogy to teach students new things.  
As education has been shifting to an online education in addition to learning 
from printed books and classroom teaching with live teachers, these 
pedagogical theories are adjusted and applied for new media (Dale, 1969). An 
overview is given of how the existing definitions and theories are promoted to 
be used in an online teaching environment and what has been established to 
be good practices. We concentrate on blended learning and computer 
supported learning researched also in works by Shapiro (2004, 2008) 
Patterson (2000), Lynch (2002), and Brame (2014). To support blended 
learning schemes, we paid attention to virtual and remote labs to be used 
besides class-room teaching and real physical labs (see Cagiltay, Aydin, Kara, 
Alexandru (2011), Corter, Esche, Chassapis, Nickerson (2011), Fabregas, 
Faria, Dormido-Canto, Esquembre (2011), Ferreira, Graven (2014).                    
After a deep literature study we decided to implement a method of blended 
learning in which we combine classroom teaching with a computer assisted 
learning environment (CALM= Computer Aided Learning Module). We can 
conclude that the setup of the CALM with remotely controlled laboratories 
7 
 
will serve best the goals we try to attempt for setting a new method of 
teaching/learning material sciences for undergraduate students. 
From the point of view of didactics, the most important thought is that for a 
successful learning process, the teacher must be able to attract the student´s 
attention for a particular topic not forgetting its global context in the overall  
course. The use of exercises and laboratory experiments (physical, virtual or 
remote laboratories) is a didactic means to fulfill this goal of teaching (see 
Jengh, 1990; Kozik, Simon, Kuna, 2014; Kehinde, Ayodele, Akiwale, 
Osansona, 2011). For the important learning outcomes in engineering, trained 
in laboratories, we opted for remotely controlled laboratories (both simulated, 
i.e. virtual, and remote, i.e. remotely controlled physical experiment). 
Exploiting the possibilities of the labs for self-learning by stimulating the 
curiosity of students to work with real and virtual experiments on the 
phenomena will gain time and provide easier and deeper learning. The 
technical solution of the remote experiments needs to be robust and easy to 
maintain, so that it could serve its role as an experiment which is available 
any time. It should offer enough possibilities for students to experiment, and 
offer measurable learning outcomes, associated with experimenting. In other 
words, care should be taken that the remote lab is more than a demonstration, 
but a real experiment – although controlled from a distance. In the real 
experiment outcome is not guaranteed, so students need to reflect critically on 
the concept of the experiment, the variables and the observations. Therefore, 
especially for the university students, the (remote) lab cannot be a black-box 
showing results only (Ferreira, Graven, 2014; Corter, Esche, Chassapis, 
Nickerson, 2011; Arras, 2011). 
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3 Research 
 
The aim of the thesis is to improve the way by which new findings in material 
sciences and technology can be implemented in learning content and learning 
and teaching methods in the engineering degree studies at (technical) 
universities in Belgium. 
We have stated 3 hypotheses for our research: 
H1: “After finishing the course, respondents - students of the engineering 
non-material study programme educated by a new method supported by e-
technologies in the subject New Materials and Technologies will obtain the 
same results in an knowledge test as students not using the e-technology.”  
The aim of any pedagogical method is to get the required knowledge 
transferred to and understood by students. A new method should reach at least 
the same goals and outcomes as any traditional method.  Testing will be done 
in a written examination. 
H2:  “The majority of respondents will express their positive attitude towards 
the designed method after finishing the course.” 
Motivating students is one of the most important tasks of a teacher. Although 
the effort of developing and using a new teaching method is great, it is 
rewarding when it is accepted by the students, and efficient for reaching the 
desired learning outcomes. The attitude will be questioned in a questionnaire. 
H3: “The remote laboratory is more efficient and more flexible for students to 
study and understand the properties of materials than traditional self-study 
from books.” 
Since time and laboratory resources are scarcely available, the use of a remote 
laboratory to explain phenomena to students could be a good alternative for 
hands-on learning and real time experimenting. This is verified by attitudinal 
questionnaires. 
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4 Methodology 
 
First we conducted a study to find out which new material findings are 
important for industry and society. The conclusions of the survey in industry 
show that most companies require  deeper knowledge on the properties of 
materials and on the choice of materials for applications. The biggest gap in 
knowledge which was reported is on the knowledge about the choice of 
materials for applications, knowledge on the application of materials and 
knowledge on processing/machining of materials. Furthermore, companies 
are interested in new materials (polymers, composites, nano-materials), 
indicating their drive towards innovative applications. 
We analysed the actual curricula for material science in the engineering 
degrees in Flanders in order to compare to the demands of industry . The 
conclusion is that in most engineering curricula at university, there is spent 
only little time on material sciences (in average 6 ECTS out of 180 ECTS in 
the bachelor degree).  Considering the importance of material sciences for 
engineers, we can conclude that this is not enough to squeeze in all the 
knowledge and requirements of industry. From this reason another method is 
needed providing a more extended content for students. 
We put forward a model of blended learning for material sciences to appeal to 
the interests of present-day students and to stimulate their self-study. It 
concerns mainly the engineering students whose study subjects have been 
rapidly changing and they are in a constant evolution with the speed of 
modern technologies. There is a hypertext supported learning environment 
(CALM = Computer Aided Learning Module) which explains the theoretical 
basis of material sciences, provides students will all documents concerning 
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laboratory sessions and assignments, shows examples of phenomena, and 
links to the literature on the subject.  
 
Figure  1 Structure of the course, integrated in the learning environment  CALM at present. 
 
The theory itself is supported with real physical lab sessions, virtual 
laboratories to let students experiment on the phenomena in an extensive way, 
and remote laboratories used by students to check the theory with real data 
and to give the idea of connection to reality. 
The hypertext supported material is used during the classroom teaching 
lessons on material sciences and afterwards offered to students for their self-
study. It contains all materials, slides, etc. that are used in the lessons. Such an 
e-learning part enables students to study the course in one clearly defined 
manner: the look and feeling of classroom teaching is the same as the look 
and feeling of the self-study part. This increases efficiency of the self 
learning. 
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Figure  2 CALM GUI and navigation. 
 
The remote lab in the CALM is an experiment with a 2-point bending test. 
The access to the laboratory is over the internet, with no need for manual 
interference.  The virtual laboratory is a simulation in which students can 
experiment with a 2-point bending test. 
 
 
Figure  3 Virtual lab, graphical user interface. 
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Figure  4 Remote lab general setup scheme 
 
The hardware design for the remote laboratory is based on the following 
principles: 
 It should offer the same experimenting possibilities as the real bending 
test: (approximately) the same set up, the same variables.  
 It should enable students to have the same learning outcomes.  
 The remote lab cannot be a black-box, but behave as a real experiment: to 
set up experiment (choose variables), to measure experimental data, to 
work with data, to calculate possible error for correct conclusions (learning 
outcome: the ability to design and conduct experiments, as well as to 
analyze and interpret data).  In a real experiment, the outcome can be 
predictable, but in any case unknown. A real experiment needs to be well 
prepared by the experimenter and all variables need to be taken into 
consideration. When the remote lab would act like a black box and 
measure in an automated manner, or calculate measurements to find the 
unknown parameter(s), the student looses the sense of the real experiment.  
 The remote lab should be of a simple and robust design. Complex setups 
need a lot of maintenance, and they have a greater risk of breakdown.  
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The targeted learning outcomes of the remote lab are: 
 Students should be able to deduct materials properties (Young’s modulus) 
from their measurements. 
 Students should be able to calculate the shape stiffness of the test 
specimens. 
 Students should be able to calculate the accuracy of their results as part of 
experimenting. 
 
The ruling equations for mechanical bending of the cantilever beam (2-point 
bending) (Hibbeler, 2004): 
 
 
Figure  5 Remote lab: 2-point bending test 
 Maximal deflection:         
    
     
  
 Maximal bending stress:      
   
   
  
   
     
  
o Wzz  the modulus 
o Izz  surface moment of inertia 
o V distance of the outside of the specimen to the neutral fiber. 
o W and I are a measure for the shape stiffness of the specimen. 
In Table  1 the difference between the real lab (3-point bending) and the 
remote lab (2-point bending) for the bending test are schematized. 
The real physical lab used in the lab sessions is a 3-point bending test. 
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Figure  6 Real lab: 3-point bending test. 
 
Table  1 features of the physical lab versus the remote lab. 
Real lab Remote lab 
3-point bending test    
2-point bending test    
 
6 different test specimens available, 
test 1 by 1 
9 different test specimens available, 
test 2 by 2 
Force increasable in 5 steps by 
means of weights 
2 different forces available by varying 
the pressure load 
Position of force free Position of force fixed  
Students measure deflection Students measure deflection 
Students measure force Students calculate force from known 
specimen.  
Students measure distance (x) of 
force to reference point 
Distance of force to reference point is 
given 
Students measure dimensions of 
specimen 
Students get all dimensions of 
specimen 
Students calculate possible error Students calculate possible error 
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All measures and readings in a lab are a source of inaccuracy (resolution of 
measuring tool, inaccuracy of use, faulty readings, and others). Students need 
to calculate the possible error on their results for Young’s  modulus with 
error-theory. 
 
 
Figure  7 Graphical interface of the remote 2-point bending lab. 
The construction of the remote lab can be divided in 3 categories. The 
(mechanical hardware), the control and measuring system, and the software. 
For the mechanical hardware was chosen a pneumatic system. Pneumatic 
systems are robust and easy to maintain, can be build with a lot of standard 
components and are easy to understand in its’ functioning by the students. 
 
Figure  8 Remote lab, CAD-design and hardware setup. 
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The control of the system is done with electronic controlled valves. Electronic 
control of the remote lab hardware is realized with a relay board, on the USB-
port of the computer. 
Measuring the deflection of the beam is done with a reading scale and an IP-
camera. It is a high definition camera to monitor a more detailed view of the 
test. Students can view the millimeter scale on the video stream and can use 
these results in their lab report. The images made by the IP-cam offer enough 
resolution for a measurement with an accuracy of 1 mm. A second web-
camera is attached from the side to have a view on the bending line of the 
beams. 
The camera view can be made in a real time, and screen shots can be taken for 
the later processing of the data. 
 
Figure  9 Screen shot of the reading scale for the measurements. 
There is no automatic calculation of Young’s modulus, nor of the forces and 
moments of inertia in the remote lab. The students need to work with it as in 
the real physical lab. 
For the development of the software the Spring MVC Framework was chosen. 
The basic logic was realized with Java, and for the visualization system we 
used HTML, CSS, Javascript, JQuery, JSP. The server software for 
manipulating the valves is Tomcat.  
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The architecture of the software system (Lynch, 2002) can be found in Arras, 
Tabunshchyk, Kolot, Tanghe (2014).  
In the protocol there is described how the remote lab needs to be used. 
The short version of the protocol is as follows: 
 Experimenter makes zero measurement first. 
 Experimenter selects known specimen (4). 
 From the measurement of the specimen 4, and with the known material, 
students can calculate the applied force. 
 Next all other specimens are tested. 
 From the measurements of the deflection and with the known 
dimension of the test specimen, student/experimenter can calculate 
Young’s modulus, and in this way to find out what material the 
specimen is made of. 
 (The result can also be simulated in the virtual lab.) 
 Scheme is repeated with another force with the aim to compare results. 
After all calculations, the student also needs to calculate possible errors in 
their results. 
In the end, students can compare the values of Young’s modulus tested in the 
tensile test in the physical lab-session. 
This protocol is described in the text which is available to the students on the 
CALM-section about the remote lab. 
In the curriculum there is no separate evaluation of the remote lab. For 
evaluation of the knowledge on the phenomena, the regular exam is used (see 
5 Setup of the pedagogical experiment.). 
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5 Setup of the pedagogical experiment. 
 
The experiment is designed to test if a computer assisted learning 
environment with remote labs can be as efficient for knowledge transfer as 
traditional methods. 
The target group for the pilot pedagogical experiment is students of 2
nd
 year 
bachelor in engineering technology. They have the course entitled 
“Materiaalkunde” (“material sciences”). This 4ECTS course consists of 2.5 
ECTS theoretical course, and 1.5ECTS laboratory. It is the basic course on 
material sciences for all engineers of the faculty of engineering technology at 
KU Leuven-campus De Nayer.  
A total number of 109 students was enrolled in the course of material sciences 
(course code YI1181, 4ECTS, 42 hours) and took the exam. The course is 
divided in a theoretical part (YI6565) and a laboratory part (YI6566). A 
separate exam is designed for each part of the course.  
 
Figure  10 Division of students over the groups. 
 
All students enrolled were able to use the CALM for extra information. The 
students taking the course were divided in 2 groups, out of which 1 group (54 
109 students in 
the lab course 
YI6566 
54 students used 
the remote lab 
29 students had 
other exam 
25 students had 
the exam on the 
phenomenon 
55 students used 
the physical lab 
28 students had 
other exam 
27 students had 
the exam on the 
phenomenon 
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students) used the remote lab (2-point bending test), the other group (55 
students) the physical lab (3-point bending test). The experiment was 
completely integrated in the normal course and conclusions were made in a 
normal didactical situation. Knowledge was tested in a formal exam. 
  
For the statistical analysis there were considered the examination groups, in 
each group approximately half of them was working with the real lab and  
half with the remote lab.  The total number of tested students is 52, out of 
which 25 used the remote lab, and 27 used the physical lab. 
There are considered the results for the questions on the phenomena 
separately (Q_F) (= question 3 of the exam) and the total score (Total_Score) 
students got at the exam. The descriptive statistics are in Table  2 and Table  
3. 
 
Table  2 Results of the exam for the Q_F (question) and Total score (of exam) for the complete 
population. 
  Valid N Mean Minimum Maximum Std.Dev. 
Q_F 52 6,47115 3,000000 10,00000 2,068469 
Total_Score 52 12,19231 4,500000 20,00000 3,349208 
 
Table  3 Results for the total population of students in the exam. 
 
Q_F 
mean 
Q_F 
number 
Q_F 
Std. dev. 
St_used RL 6,460000 25 2,025463 
St_not used RL 6,481481 27 2,146023 
All Groups 6,471154 52 2,068469 
 
We first look at a normal distribution for the data (for Q_F) but this is not 
proven. So for the further analysis we choose non-parametric methods Mann-
Whitney U-test and the Kruskall-Wallis Analysis. 
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The conclusion is that there is no significant difference (proved by different 
statistical methods) in the results on the exam between students who used 
remote lab and those who did not. 
 
Besides the knowledge results, acceptance of the new method by students is 
another aspect.  Therefore, students had to give an answer in a questionnaire 
after using the remote lab. 
 
Table  4 Questionnaire results on the CALM and remote lab. 
Question Average 
score 
Score 
I needed to install extra software 3 neutral 
I could make the lab assignment  2 agree 
I was able to do the experiment on the remote lab 2.2 agree 
The remote lab was easy to use 2.5 agree 
The lab interface is user friendly 2.4 agree 
The remote labs reaction speed was ok. 2.6 neutral 
The CALM contains extra info than the course book  3 neutral 
The CALM contains as much info as attending the lessons 4 disagree 
Using the CALM helped me to better understand the subject of 
material sciences 
3 neutral 
Using the CALM helped me to better understand how to do the 
lab tests 
2.7 agree 
The CALM is organized so that materials are easy to find 2.5 agree 
 
Scores are (1 strongly agree, 2 agree, 3 neutral, 4 disagree, 5 strongly 
disagree). Average scores are put in Table  4. 
   
Evaluation of the use of the lab shows that the overall functionality of the lab 
is appreciated by the students: students were able to run the experiment, and 
agreed that it made it possible for them to solve their lab assignment.  
21 
 
The lab interface is easy to use, and the speed was acceptable, but not 
optimal.  
After interviewing a number of students, and evaluating the remarks and 
feedback of the students presented, what may further to be concluded is that 
the students need to be trained in using a computer supported learning 
environment. The students tend to take the shortest way to complete their 
assignments without exploring more possible information on it first. In other 
words, students did not explore the CALM to solve the lab assignment, they 
only looked at the materials presented for the (remote) lab-session they had to 
do. 
The overall effect on studying the theory of material sciences with the use of 
the CALM only could not be determined, as there was no control on the fact 
that students used other course books too. 
Besides the effects on study, and the possibility on using the remote lab for 
the lab assignment, students also reported a number of problems in using the 
remote lab, most of them of technical nature: some problems arose with the 
video (speed of connection for life-streams) or no connection with plug-ins, 
secondly, the use of the lab in different browsers (Internet Explorer, Google 
Chrome, Firefox) shows causes of ineffectiveness as all 3 browsers treat 
videos differently. The greatest source of students´ remarks was on the 
internet integration. Speed (considered sufficient), video problems, security 
issues with active content on personal computers and laptops were the cause 
of frustration and delays to some of the students.  
 
6 Conclusions 
 
Advances in the development of materials and technologies significantly 
participated and still participate in the successful progress in natural sciences 
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and technical branches. Many – if not all – of innovations in modern 
technology are related to the use of new materials, or new technological ways 
of using existing materials. 
From the survey of industrial needs on the knowledge of (new) materials, and 
the comparison and analysis of existing engineering degree courses, it can be 
stated that there is a rather big gap in knowledge on these (new) materials. 
The number of ECTS and time needed to study material sciences is limited in 
all engineering degrees what results in most of the cases in the lack of 
knowledge. To close the gap, a new content should be available to students. 
On the other hand, teaching time is limited due to regulations (prescribed 
curricula) and finances (teaching and laboratory hours are expensive). That is 
the reason why not much extra time (if any) can be inserted in the curricula.  
As a pedagogical instrument the blended learning format was chosen, in 
which classroom teaching, lab-sessions and self-study are combined. To 
support this, we elaborated a CALM (Computer Assisted Learning Module) 
for material sciences. To test this method we provided the CALM for the 
present study of material sciences for bachelor 2 students in engineering 
technology. By including lab-sessions (physical, remote and virtual) which 
are very important for engineering students, we stimulate the learning process. 
Students who experiment and are activated to take action – in comparison to 
only traditionally studying students – have a bigger effect on the learning 
process.  
We substituted a real lab with a remote lab and a virtual lab to investigate if 
remote labs have the same efficiency in bringing knowledge to students. This 
experiment is not a standalone test, but part of the regular curriculum. The 
results of the experiment show that the level of students´ knowledge gained 
from using the remote lab is the same as the level of knowledge of students 
obtained from using the real physical lab-session. The remote lab is on the 
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bending test to determine Young’s modulus for (un)known materials. 
Knowledge is tested not separately but in the exam for all students (including 
those who used the physical lab and those who used the remote lab). 
Assessment of the results of the use of the CALM shows that: 
 on knowledge acquirement by students there is no difference in the use 
of the remote lab or the physical lab 
 students were able to use the remote lab to do their assignments 
 we have a more cost- and time efficient  lab than the physical lab. The 
use of this remote lab (bending test) leads to save 1 physical lab 
session. This means (for 10 groups of students), the saving of (10*3 
hour) 30 contact hours with students. 
 
Assessment of the appreciation of the use of computer supported learning, 
including remote labs shows that: 
 Students appreciate being able to experiment 
 Technology of the remote lab and the internet is still a weak point: 
leading to delays and students´ frustration when the internet fails. 
 Students need to be trained to use this kind of tools. They will not 
spontaneously use or search the CALM for extra information.  
 
Reported problems by students all concerned technology. 
 Problems arose with the video (speed of connection for life-streams) 
and the interference or no connection with plug-ins.  
 The use of the lab in different browsers (Internet Explorer, Google 
Chrome, Firefox) shows causes of ineffectiveness as all 3 browsers 
treat videos differently.  
 Students also preferred to have a more overall view of the lab: the 
cameras are focused on the test-bench while in a physical lab the 
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complete setting and laboratory room can be viewed. This gives a 
somewhat  narrowed and unrealistic feeling to the user. 
 
 
The newly proposed learning methods make it possible to improve learning 
by using such means which help students to better understand the content 
because they can study it at their own pace. 
The conclusion is that blended learning with the aid of computer assisted 
lessons, video conference virtual classrooms and free experiment time for 
students in remote laboratories, enables to teach on the basis of latest findings 
without taking too much (of the scarcely available) classroom time.  
The results of the thesis proved to be a method to increase the students’ 
knowledge in technology. This can be done by improving the prior knowledge 
and by effectively offering more learning content on new materials and 
technology to students. 
 
Hypothesis 1 is confirmed.  
The results from examination – tested on statistic correctness – show that 
there is no difference between the knowledge obtained on the phenomenon of 
material versus shape stiffness between students who used the CALM and 
remote lab, and those who used the physical lab. 
 
Hypothesis 2 is also confirmed: 
The answers to the questionnaire showed that despite technological problems, 
students have a slightly positive or neutral attitude on using e-technologies 
when studying the course of material sciences.  
 
Hypothesis 3 is partially confirmed: 
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The flexibility of the remote lab is bigger than that of physical labs, since it is 
available at any time and any place. It is also more time efficient for teaching, 
as it frees up considerable amounts of time in the lab. In the use of the remote 
lab at KU Leuven - campus De Nayer, 30 contact hours with students were  
“spared” in comparison to all students using the physical lab on the bending 
test. As time and laboratory resources are scarcely available, the use of  
remote laboratories and virtual laboratories to study phenomena is a good 
alternative for hands-on learning and real time experimenting.  
The efficiency for studying in total is not confirmed. From interviews with the 
students we learned that students need to be trained to use this kind of 
methods. They will not – without any guidance – explore spontaneously the 
information in the CALM. There is a need for clear guidance and possible 
assignments to make optimal use of the CALM.  
 
The implementation of the method of the CALM with the virtual and remote 
laboratories had no negative effects on the learning outcomes of the students. 
Their level of knowledge was proven to be the same as the level of knowledge 
of students who used traditional methods and the physical labs. 
The goal of the CALM at present is not to substitute the complete curriculum 
by an online course but rather to support the existing curriculum and course to 
make teaching and studying more efficient. The CALM means cooperation 
between a teacher and technology to stimulate students´ self-study. 
 
In the blended learning method put forward the scheme is: 
 Classroom teaching to teach the basics of the subject. The interaction 
with the teacher at this stage of learning cannot be substituted in an e-
learning system. The use of forum, chat-boxes and email for direct 
feedback can be useful, but also time consuming. For advanced learners 
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(graduate students) this makes more sense, as they will be able to help 
each other. For undergraduate students and learners from outside the 
university (free learners on the CALM) this kind of e-feedback will 
generate a time consuming avalanche of communication. 
 Classroom teaching and training on the CALM-system for all students. 
As the CALM also contains the learning materials of the classroom 
teaching and extra information, it can be considered the single source 
of materials for the subject. The CALM is not a repository of files, as 
many LMS (Learning Management System). It is the learning 
environment for the subject, and as any learning environment, students 
need to be trained to guide them in the system. 
 Hands-on physical laboratories to study phenomena with a highly 
complicated lab infrastructure. To experience and obtain all learning 
outcomes demanded for engineers (notably ability to design and 
conduct experiments as well as to analyze and interpret data) the 
physical labs are indispensable. A remote and simulated lab is designed 
to use, and students can only vary parameters within the boundary 
limits set by the developer. Not every physical real experiment can be 
turned into a remote lab, due to complex infrastructure and cost. 
Notably in material sciences where a lot of experiments tend to be 
destructive tests, running and maintaining these experiments as a 
remote lab will cause a lot of problems. Substitution of test specimen, 
safety of the equipment and limitation of time boundaries take away the 
advantages of the remote lab. 
 Remote labs to give students the opportunity to test on (less 
complicated) infrastructure, still experimenting on real experiments. 
Students can vary parameters, make choices, observe, measure and 
analyze as in the real lab. It is in fact a real lab, controlled from a 
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different (distant) place. For material sciences non-destructive testing 
experiments are the prime targets for making them remote. 
 Virtual labs as a supporting tool for quick checking of experimental 
results, for simulated experiments. It is very useful for mass 
experimenting on a phenomenon at a very low cost. As it is only 
simulated, it does not offer the same sense of reality as a remote lab, 
but it gives the student the opportunity to repeat the experiment at a low 
cost.  
 For formal evaluation, CALM and similar environments cannot be used 
yet, except under close control of the students. The identification of the 
(unknown) student solving (online) tests is not guaranteed at present. 
For summative testing however, to stimulate and steer the learning 
process, an online environment is a usable tool. Putting intermediate 
tests in the system (kind of: solve first to continue) helps the students to 
set out their study trajectory. Evaluation is therefore considered to be 
done according to traditional methods (exams, tests, lab-reports, lab-
work presentation, papers). 
 
Suggestions for further work on this topic include: 
 The adaptation of the CALM with assignments and intermediate tests 
(automated, with feedback) to guide students through the materials is to 
be considered. A more profound assessment of the efficiency on the 
learning process of students can be done later.  
 The input of the contents on the new materials is feasible and 
necessary. 
28 
 
 The construction of new virtual labs and remote labs on other 
phenomena will offer a suitable and cost effective tool for students to 
prepare lab sessions, and to illustrate theory. 
 The security of the remote lab(s) via a LMS (Learning Management 
System) or via a reservation system needs to be implemented to 
safeguard the infra-structure. 
 The adaptation to mobile learning devices (e.g. smart-phones, tablets) 
of the CALM and virtual/remote labs. 
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